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(57) ABSTRACT

A performance optimized CMOS FET structure and meth-
ods of manufacture are disclosed. The method includes
forming source and drain regions for a first type device and
a second type device. The method further includes lowering
the source and drain regions for the first type device, while
protecting the source and drain regions for the second type
device. The method further includes performing silicide
processes to form silicide regions on the lowered source and
drain regions for the first type device and the source and
drain regions for the second type device.

15 Claims, 4 Drawing Sheets




US 9,455,195 B2

Sheet 1 of 4

Sep. 27, 2016

U.S. Patent

14"

AN
14

22

FIG. 1

14

14"

4

1

22

FIG. 2



US 9,455,195 B2

Sheet 2 of 4

Sep. 27, 2016

U.S. Patent

1

22

28

FIG. 4



US 9,455,195 B2

Sheet 3 of 4

Sep. 27, 2016

U.S. Patent

14

14”

FIG. 5

10’

14”

32

/

R oY SRR,

12

FIG. 6



US 9,455,195 B2

Sheet 4 of 4

Sep. 27, 2016

U.S. Patent

14”

FIG. 7

18



US 9,455,195 B2

1
METHOD OF FORMING PERFORMANCE
OPTIMIZED GATE STRUCTURES BY
SILICIDIZING LOWERED SOURCE AND
DRAIN REGIONS

FIELD OF THE INVENTION

The invention relates to semiconductor structures and,
more particularly, to performance optimized CMOST FET
structures and methods of manufacture.

BACKGROUND

As transistor dimensions are scaled, spacers used to place
silicide away from the source-drain to body junction have
likewise reduced in dimension. To prevent junction leakages
associated with silicide encroachment, epitaxial overfill in
the S-D has been utilized to increase silicide proximity away
from the junction. The structural and selectivity require-
ments for this overfill can result in material and electrical
properties that can negatively impact device performance.

Also, different devices with varying requirements for
leakage and performance can require different levels of S-D
overfill. However epitaxial S-D formation is also a very
complex and costly process, and hence it is desirable to
minimize the variations of epitaxial growth included in a
process.

SUMMARY

In an aspect of the invention, a method comprises forming
source and drain regions for a first type device and a second
type device. The method further comprises lowering the
source and drain regions for the first type device, while
protecting the source and drain regions for the second type
device. The method further comprises performing silicide
processes to form silicide regions on the lowered source and
drain regions for the first type device and the source and
drain regions for the second type device.

In an aspect of the invention, a method comprises: form-
ing first type devices and second type devices on a substrate;
epitixially growing source and drain regions within source/
drain cavities provided adjacent to the first type devices and
the second type devices; etching back the source and drain
regions for the first type devices to be in closer proximity to
a channel region of the first type devices, while protecting
the source and drain regions for the second type devices; and
forming silicide regions on the etched back source and drain
regions for the first type devices and the source and drain
regions for the second type devices. The silicide regions for
the first type devices are in closer proximity to the channel
region than the silicide regions for the second type devices.

In an aspect of the invention, a structure comprises: at
least one leakage sensitive device with silicided raised
source and drain regions in proximity to a channel region of
the at least one leakage sensitive device; and at least one
performance sensitive device with silicided source and drain
regions that are in closer proximity to a channel region of the
at least one performance sensitive device than the silicided
raised source and drain regions are to the channel region of
the at least one leakage sensitive device.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The present invention is described in the detailed descrip-
tion which follows, in reference to the noted plurality of
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drawings by way of non-limiting examples of exemplary
embodiments of the present invention.

FIG. 1 shows a structure and respective fabrication pro-
cesses of forming gate structures on a substrate according to
aspects of the invention;

FIG. 2 shows a structure and respective fabrication pro-
cesses of forming a source/drain cavity according to aspects
of the invention;

FIG. 3 shows a structure and respective fabrication pro-
cesses of forming source and drain regions in the source/
drain cavity according to aspects of the invention;

FIG. 4 shows a structure and respective fabrication pro-
cesses of selectively recessing the source and drain regions
according to aspects of the invention;

FIG. 5 shows a structure and respective fabrication pro-
cesses including forming a silicide spacer and silicide on the
source and drain regions and gate structure according to
aspects of the invention;

FIG. 6 shows an alternate structure and respective fabri-
cation processes of removing a cap layer on the gate
structure and recessing the source and drain regions accord-
ing to aspects of the invention; and

FIG. 7 shows the structure of FIG. 6 undergoing fabrica-
tion processes including removal of a cap layer on gate
structures according to aspects of the invention.

DETAILED DESCRIPTION

The invention relates to semiconductor structures and,
more particularly, to performance optimized gate structures
and methods of manufacture. More specifically, the perfor-
mance optimized gate structures are field effect transistors
(FETs) for memory devices or logic devices, as an example.
Advantageously, the FET structures can be optimized by
minimizing silicide encroachment for low leakage devices,
e.g. memory devices, while optimizing the performance and
resistance for performance sensitive devices, e.g., logic
devices. That is, by implementing the processes herein,
devices can be tailored to have varying silicide to channel
proximity, e.g., performance sensitive devices can have
closer silicide to channel proximity than more leakage
sensitive devices.

Advantageously, the invention provides an alternative
process for varying levels of S-D overfill, with reduced cost
and complexity. In embodiments, the epitaxial S-D overfill
can be optimized by incorporating an etch back process on
selected source/drain epitaxial grown material, followed by
a silicide process. For example, downstream etch processes
can be utilized to etch back the epitaxial overfill of S-D
regions on selective device types, allowing for optimization
between devices with different junction leakage and perfor-
mance requirements. The differential etching processes
deployed by the fabrication processes described herein can
coincide with existing differential gate hard-mask removal
steps, requiring no additional masks to optimize between
high performance logic devices and low junction leakage
memory devices, as examples.

The structures described herein can be manufactured in a
number of ways using a number of different tools. In
general, though, the methodologies and tools are used to
form structures with dimensions in the micrometer and
nanometer scale. The methodologies, i.e., technologies,
employed to manufacture the structures described herein
have been adopted from integrated circuit (IC) technology.
For example, the structures are built on wafers and are
realized in films of material patterned by photolithographic
processes on the top of a wafer. In particular, the fabrication
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of the structures uses three basic building blocks: (i) depo-
sition of thin films of material on a substrate, (ii) applying
a patterned mask on top of the films by photolithographic
imaging, and (iii) etching the films selectively to the mask.

FIG. 1 shows a starting structure and respective process-
ing steps in accordance with aspects of the present invention.
The structure 10 includes a substrate 12 with a plurality of
devices 14. In embodiments, the substrate 12 can be any
semiconductor material including, but not limited to, Si,
SiGe, SiGeC, SiC, GE alloys, GaAs, InAs, InP, and other
III/V or 1II/VI compound semiconductors. The devices 14
can be lower leakage devices 14' and higher leakage, higher
performance devices 14". In embodiments, the devices 14
can be memory devices 14' and logic devices 14", for
example. It should be understood by those of ordinary skill
in the art that memory devices 14' are more leakage sensi-
tive, compared to the logic devices 14" which are more
performance sensitive and which may benefit from silicide
contacts being in closer proximity to a channel region.

In embodiments, the devices 14 include gate structures
comprising a dielectric material 16, a gate material 18, a cap
layer 20 and sidewall structures 22. In embodiments, the
dielectric material 16 can be a high-k dielectric material
such as hafnium oxide (HfO,); although other dielectric
materials are contemplated herein, e.g., oxide based dielec-
trics. The gate material 18 can be a poly material or other
gate metal depending on the performance criteria of the
device. The cap layer 20 and the sidewall structures 22 can
be a nitride or oxide based material. In embodiments, the cap
layer 20 and the sidewall structures 22 can be formed from
the same material or different materials, depending on
downstream etch processes and/or other design criteria. In
the example of using the same materials, the cap layer 20
would preferably be a thicker layer than the sidewall struc-
tures 22.

In embodiments, the devices 14 can be formed using
conventional deposition, lithography and etching processes.
By way of example, the layers of material 16, 18 and 20
described above can be deposited using conventional depo-
sition processes. The conventional deposition processes can
include, amongst others, a chemical vapor deposition (CVD)
process, a plasma deposition (PVD) process or an atomic
layer deposition (ALD) process. To pattern the structures, a
resist is formed on the cap layer 20, which is then exposed
to energy (light) to form a pattern (openings). An etching
process (e.g., reactive ion etching process with selective
chemistries to each of the layers of material 16, 18 and 20)
is then performed through the opening(s) to pattern the gate
structures. The resist can be removed using conventional
stripants or etchants, e.g., oxygen ashing processes.

Still referring to FIG. 1, the sidewall structures 22 are then
formed using a deposition process of sidewall material, e.g.,
nitride or oxide, followed by an anisotropic etching process.
The anisotropic etching process removes any material on
horizontal surfaces of the structure, e.g., on exposed surfaces
of the cap layer 20 and the substrate 12, leaving behind the
sidewall structures 22.

In FIG. 2, a source/drain cavity 24 is formed within the
substrate using conventional lithography and etching pro-
cesses. For example, a resist is formed over the devices 14
and exposed portions of the substrate 12, and subsequently
exposed to energy (light) to form a pattern (openings)
coinciding with spaces between adjacent devices 14', 14".
An etching process (e.g., reactive ion etching process with
selective chemistry to the substrate 12) is performed through
the openings to form the source/drain cavities 24. The resist
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can then be removed using conventional stripants or
etchants, e.g., oxygen ashing processes.

Referring to FIG. 3, source and drain regions 26 are
formed in the respective source/drain cavities 24 for both
device types 14', 14". In embodiments, the source and drain
regions 26 are formed in a same process step for both device
types 14', 14". More specifically, the source and drain
regions 26 are raised, formed by an epitaxial growth process.
In embodiments, the epitaxial growth process can be any
semiconductor material that grows on the substrate 12. The
raised source and drain regions 26 can be formed to a height
of about 10-25 nm above a surface of the substrate 12,
although other dimensions are also contemplated herein
depending on the particular technology node and required
device performance characteristics.

The raised source and drain regions 26 can be doped
material or ion implanted after the growth process to form
the source and drain of the devices 14", 14". In embodiments,
the source and drain regions 26 will have either N-type
dopants or P-type dopants, depending on the type of device.
For example and by way of non-limiting illustration, N-type
dopants can include arsenic or phosphorous; whereas,
P-type dopants can be boron (although other N-type dopants
and P-type dopants are contemplated by the present inven-
tion).

In FIG. 4, the source and drain regions 26' are recessed or
lowered according to aspects of the invention. More spe-
cifically, the source and drain regions 26' associated with the
performance sensitive devices 14", are recessed or lowered
using a selective etch back recess process. The lowering of
the source and drain regions 26' will bring them in closer
proximity to a channel region of the devices 14". The
selective etch back recess process can be a RIE process
selective to silicon or other semiconductor material, depend-
ing on the material of the source and drain regions 26'.
During this selective etch back recess process, the raised
source and drain regions 26 associated with the leakage
sensitive devices 14', remain protected by a mask 28.

FIG. 5 shows a structure and respective fabrication pro-
cesses including forming silicide on the source and drain
regions 26, 26' and on the devices 14', 14" according to
aspects of the invention. Prior to the silicide formation, the
cap layer is removed from a top surface of the devices 14,
14" by a selective etching process. This selective etching
process can be a maskless process using an etch chemistry
selective to the cap material, e.g., nitride or oxide. In this
embodiment, the cap layer should be a different material
than the sidewall structures 28; although the same material
can be used in which case the cap layer will be thicker. It
should also be noted that the removal of the cap layer is a
flexible process and can be removed prior to the recessing of
the S/D regions.

Prior to or after removal of the cap layer, a sidewall 28 can
be formed on the sidewall structures 22. The sidewalls 28
would be formed in similar processes as described with
regard to the formation of the sidewall structures 22. In
embodiments, the sidewalls 28 can act as a mask to protect
the sidewall structures 22 and the devices 14', 14" during the
removal of the cap layer, as an illustrative example.

FIG. 5 further shows forming silicide regions 30 on the
source and drain regions 26, 26' and the respective devices
14', 14" according to aspects of the invention. In embodi-
ments, silicide regions 30 on the source and drain regions 26,
26' and the top surfaces of the respective devices 14', 14",
e.g., on material 18, can be formed by a nickel silicide
process; although cobalt and titanium silicide processes are
also contemplated herein. By implementing the processes
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herein, the devices 14' and 14" can be tailored to have
varying silicide to channel proximity, as the heights of the
source and drain regions 26, 26' are now adjusted based on
leakage and performance criteria. That is, as in embodiments
described herein, performance sensitive devices 14' can have
closer silicide to channel proximity than leakage sensitive
devices 14".

As should be understood by those of skill in the art, the
silicide process begins with deposition of a thin transition
metal layer, e.g., nickel, cobalt or titanium, over fully
formed and patterned semiconductor devices (e.g., doped or
ion implanted source and drain regions 26, 26' and respec-
tive devices 14', 14"). After deposition of the material, the
structure is heated allowing the transition metal to react with
exposed silicon (or other semiconductor material as
described herein) in the active regions of the semiconductor
device (e.g., source, drain, gate contact region) forming a
low-resistance transition metal silicide. Following the reac-
tion, any remaining transition metal is removed by chemical
etching, leaving silicide contacts 30 in the active regions of
the device. It should be understood by those of skill in the
art that silicide contacts will not be required on the devices,
when a gate structure is composed of a metal material.

FIG. 6 shows an alternate structure and respective fabri-
cation processes of removing a cap layer on the gate
structure and recessing the source and drain regions accord-
ing to aspects of the invention. In this alternative structure
10", the cap layer can be removed and the source and drain
regions 26' can be recessed (lowered) with a single masking
step on the side of the device 14", using mask 32, to be in
closer proximity to the channel region. More specifically, the
mask 32 formed over the devices 14' is patterned to form an
opening exposing the devices 14" and respective structures.
A first etching step is performed to remove the cap layer,
followed by a second etching step to recess or lower the
source and drain regions 26'. In embodiments, the etching
process for removal of the cap layer will be an anisotropic
etch process with a selective chemistry to the cap layer
material. In this process, though, the source and drain
regions 26' can also be slightly recessed. Thereafter, the
source and drain regions 26' are etched back as already
described herein. The mask can be removed using a con-
ventional stripping process.

In FIG. 7, the cap layer on devices 14' can be removed
according to aspects of the invention. More specifically, a
first masking layer 34 is formed over the devices 14', 14",
followed by a second masking layer 36. In embodiments, the
first mask 34 can be an organic planarization layer (OPL)
mask which has a same or substantially similar etch rate as
the cap layer. The second mask 36 is patterned to form an
opening corresponding to an area above the devices 14' and
to expose the first mask 34. The first mask 34 is then etched
back until the etchant strips or removes the cap layer on the
devices 14'; that is, the first mask 34 is etched back until it
reaches the cap layer with the etching continuing until the
cap layer on the devices 14' is removed. The first mask 34
and the second mask 36 will protect the devices 14" and
respective source and drain regions 26'; whereas, the first
mask 34 will protect the source and drain regions 26
associated with the devices 14' (so that they do not recess).
More specifically, etching will discontinue after the removal
of the cap layer such that the first mask 34 will remain over
the source and drain regions 26 associated with the devices
14'. For this reason, the source and drain regions 26 asso-
ciated with the devices 14' should be lower than the cap layer
on the devices 14'.
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In this way, it is now possible through the processes
described herein to selectively alter the heights of the source
and drain regions 26, 26' and hence vary silicide to channel
proximity. Following the mask strip, the processes will
continue with those described with respect to FIG. 5, e.g.,
tailored silicide processes.
The method(s) as described above is used in the fabrica-
tion of integrated circuit chips. The resulting integrated
circuit chips can be distributed by the fabricator in raw wafer
form (that is, as a single wafer that has multiple unpackaged
chips), as a bare die, or in a packaged form. In the latter case
the chip is mounted in a single chip package (such as a
plastic carrier, with leads that are affixed to a motherboard
or other higher level carrier) or in a multichip package (such
as a ceramic carrier that has either or both surface intercon-
nections or buried interconnections). In any case the chip is
then integrated with other chips, discrete circuit elements,
and/or other signal processing devices as part of either (a) an
intermediate product, such as a motherboard, or (b) an end
product. The end product can be any product that includes
integrated circuit chips, ranging from toys and other low-end
applications to advanced computer products having a dis-
play, a keyboard or other input device, and a central pro-
Ccessor.
The descriptions of the various embodiments of the
present invention have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiments, the
practical application or technical improvement over tech-
nologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
disclosed herein.
What is claimed:
1. A method, comprising:
forming source and drain regions for a first type device
and source and drain regions for a second type device;

lowering the source and drain regions for the first type
device, while protecting the source and drain regions
for the second type device;

removing a cap layer from the first type device;

removing a cap layer from the second type device while

protecting the first type device and the lowered source
and drain regions; and performing silicide processes to
form silicide regions on the lowered source and drain
regions for the first type device and the source and drain
regions for the second type device, wherein the low-
ering of the source and drain regions and the removing
the cap layer from the first type device are carried out
using a single masking process.

2. The method of claim 1, wherein the forming of the
source and drain regions for the first type device and the
second type device comprises growing an epitaxial semi-
conductor material above a surface of a substrate adjacent to
the first type device and the second type device.

3. The method of claim 1, wherein the lowering of the
source and drain regions for the first type device comprises
an etch back process with a mask protecting the source and
drain regions for second type device.

4. The method of claim 1, wherein the first type device is
a performance sensitive device and the second type device
is a leakage sensitive device.

5. The method of claim 4, wherein the lowering of the
source and drain regions for the performance sensitive
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device results in the silicide regions being in closer prox-
imity to a channel region than silicide regions for the leakage
sensitive device.

6. The method of claim 1, wherein the source and drain
regions for the first type device and the source and drain
regions for the second type device are doped with either
N-type dopants or P-type dopants.

7. The method of claim 1, further comprising protecting
the source and drain regions for the second type device while
removing the cap layer on the second type device.

8. The method of claim 7, wherein the protecting of the
source and drain regions for the second type device com-
prises:

forming a first mask over the source and drain regions for

the first type device and the second type device;
forming a second mask over the first mask;

patterning the second mask over areas associated with the

second type device; and

etching the first mask until it reaches the cap layer on the

second type device and continuing with the etching
until the cap layer is removed.

9. The method of claim 8, wherein the first mask has a
same or substantially same etch rate as the cap layer on the
second type device.

10. A method, comprising:

forming first type devices and second type devices on a

substrate;
epitaxially growing source and drain regions within
source/drain cavities of the first type devices and epi-
taxially growing source and drain regions within
source/drain cavities of the second type devices;

etching back the source and drain regions for the first type
devices to be in closer proximity to a channel region of
the first type devices, while protecting the source and
drain regions for the second type devices;
removing a cap layer from the first type devices;
forming silicide regions on the etched back source and
drain regions for the first type devices and the source
and drain regions for the second type devices,

wherein the etching back of the source and drain regions
and the removing the cap layer for the first type devices
are carried out using a single masking process,

10

15

20

30

35

40

8

wherein the silicide regions for the first type devices are
in closer proximity to the channel region than the
silicide regions for the second type devices, and

wherein the first type devices are performance sensitive
devices and the second type devices are leakage sen-
sitive devices.

11. The method of claim 10, wherein the etching back of
the source and drain regions for the first type devices
comprises etch back processes with a mask protecting the
source and drain regions for second type devices.

12. The method of claim 10, further comprising forming
a cap layer on the first type devices to protect the first type
devices during the etching back processes of the source and
drain regions for the first type devices.

13. The method of claim 10, wherein the source and drain
regions for the first type devices and the source and drain
regions for the second type devices are doped with either
N-type dopants or P-type dopants.

14. The method of claim 10, further comprising:

removing a cap layer from the second type devices while

protecting the first type devices; and

protecting the source and drain regions for the second

type devices while removing the cap layer on the
second type devices.

15. The method of claim 14, wherein the protecting of the
source and drain regions for the second type devices com-
prises:

forming a first mask over the source and drain regions for

the first type devices and the second type devices;
forming a second mask over the first mask;

patterning the second mask over areas associated with the

second type devices; and

etching the first mask until it reaches the cap layer on the

second type devices and continuing with the etching
until the cap layer is removed,

wherein the first mask has an etch rate that it is the same

or substantially the same as the cap layer on the second
type devices.



